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Naotaifang alleviates cerebral ischemia-reperfusion injury by inhibiting
neuronal ferroptosis and pyroptosis through Nrf2 regulation
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[ Abstract] This study aims to investigate the effects of Naotaifang ( NTF) on neuronal ferroptosis and pyroptosis in cerebral
ischemia-reperfusion injury ( CIRI), with a focus on nuclear factor erythroid 2-related factor 2 (Nrf2). A rat model of CIRI was
established by middle cerebral artery occlusion/reperfusion ( MCAO/R). Sprague-Dawley rats were randomly assigned to a sham
group, a model group, low/medium/high-dose (4.5, 9, 18 g-kg™', respectively) NTF groups, and a butylphthalide (60 mg-kg™")
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group (n=15 per group). After modeling, the treatment groups received corresponding agents by gavage once daily for 7 days, and the
sham and model groups received an equal volume of normal saline. After treatment, the neurological function was assessed based on the
Zea-Longa score, the infarct volume by TTC staining, and cellular morphology by HE staining. The levels of Fe*", interleukin-18 (IL-
18), and interleukin-18 (T1.-18) were measured by ELISA, and those of malondialdehyde ( MDA) and glutathione ( GSH) by
biochemical assays. Western blot was employed to examine the expression levels of Nrf2, glutathione peroxidase 4 (GPX4), NOD-like
receptor family pyrin domain-containing 3 ( NLRP3), and the N-terminal fragment of gasdermin D ( GSDMD-N). In the cell
experiment, oxygen-glucose deprivation/reperfusion ( OGD/R) was used to model CIRT in SH-SY5Y cells. siRNA-mediated Nrf2
knockdown (si-Nrf2) was employed to probe into the role of Nrf2 in OGD/R-induced ferroptosis and pyroptosis and the intervention
effect of NTF. Membrane damage was evaluated by Hoechst/propidium iodide staining and LDH release, and GPX4 and GSDMD
immunofluorescence was employed to indicate ferroptosis and pyroptosis, respectively. Fe®, MDA, and GSH were quantified
biochemically, and the levels of IL-18 and IL-18 by ELISA. The expression of Nirf2, GPX4, NLRP3, and GSDMD-N was quantified
by Western blot. The cellular ultrastructure was observed by transmission electron microscopy. The results of the animal experiment
showed that NTF promoted the expression of Nif2 to alleviate neuronal ferroptosis and pyroptosis, thus producing significant
neuroprotection against CIRI in a dose-dependent manner. The results of the cell experiment showed that the neuroprotective effects of
NTF after CIRI were mediated by Nrf2-dependent suppression of neuronal ferroptosis and pyroptosis. Taken together, NTF attenuates
CIRI by suppressing neuronal ferroptosis and pyroptosis through Nrf2-mediated regulation.
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ab215203) ; FAR 1 E ALY (horseradish peroxidase,
HRP) pricd th FEhi e —dt (KPP B L YR A
FRZSH], 525 AWS0002) 5 H 41 e 42 -18(interleukin
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FE(RNEREY TRARAR, 7505 K
706040733 705030754 ) ; i J5U AL 43 JjE H K ( gluta-
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AR G UL PR
2.1.7 Western blot ] Nrf2 GPX4 NLRP3 GSD-
MD-N FEH#E R il ) R fi v 5 41 21, Jin 2
P12 i Y 2 TR 20 205 2R 11, BCA 5 7 2 1 ik
JE ., RS ST Tl B R A — 3R TN I T
(SDS-PAGE) HLK 7385 , VK 1 5% B, 5% Bt B 28 5 &+
H L IMA—dt,4 CEF L&, % F 459, PBST ¥ 3
R, BER 15 min, SR IMA Z30, ZEIFE 90 min, 7
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febr  BOWEUE K0 SH-SYSY 4 it 42 /b T 40 ity
Bt w R iR AL B 4 °C (1 000
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M 90 min, MEH S5 H G, PBST Ve 3 K, Bk
15 min, 4 PVDF 5555 fif e i (04 3 9 AL Ak 27 40Ol
W (ECL) SR B0RD , SR AR R 2 A, TG = rp g
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3.1 WY

sham 2 K BUE B IEH, To Al 2451 0132 1R, model
2 K ATRYT A AN [R) R 32 1) df 22 T R 3 i IR
5 sham 41 FL#E, model 2K B A 2 DI BEVE 43 8 & F
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HIRETE A FEAK (P<0.05) , NTF-M 41  NTF-H 4H }%
NBP 4 KR &Y feiF 4 i E FEAK (P<0.01), WL
[Xé—] 10

sham. R F- AR 4L ; model. HERIL] ; NTF-L. il 28 J7 IG5 4k 41 ; NTF-M. i
A5 R 4 NTR-HL. 048 5 e 5k 25 NBP. T 48R4 5 2 4]
7 P<0.05,™ P<0.01(E 2~11 7)),

Bl 1 4K Zea-Longa M TNHEEST (x+s,n=12)

Fig. 1 Zea-Longa neurological function score for each group of

rats (x+s,n=12)

3.2 NTF X dife PV 3o 463 475 I Bl ot A0 fi 4% 2
TRFR 52

5 sham ZH L%, model ZH ik 4 5E (A B BH & 4 K
(P<0.01) ;5 model 2H H8, 453 97 4H ik #58 HE A A1
B B8/ (P<0.01) ; 5 NTF-L 2H %, NTF-M 420 %
FESEAAR R 2 (P<0. 05) ,NTF-H 2H IXiA5 L 1A FH 1 it
W/ (P<0.01) ;5 NTF-M 41 [e4s, NTF-H 25 i A1 4
TRFREA 0 (P<0.01) |, WLIE 2,
3.3 NTF Xof i e i £ 98 3 458 £ K B ke i ) ¥ 5
CA3 X 28 4 453 413 %) 52 i

sham ZH T CA3 X AR G0 iu gk #h) 52 4% HES 2%
3, AN A% 2 B SO 15, AT B, o 24 5 e
0, o] G BRI S s model ZH ¥ H CA3 X M2 20 it
SEFBEREIR T s U, 20 M ) B g HES 2L, 40
JHL ek A T A R G . N TR R AR IR YT
J& , M2 A MBS 0, T AS SR G | A AR b K A2
[P 4 D, 25 AR e AR /b, DL NTF-H 4850 R e
B, LA 3,
3.4 NTF X i e i 798 3 458 £ K Bl i ) ¥ 5
Fe** MDA & GSH HJ521

5 sham ZH L%, model 20 5 Fe®* J MDA 5 &
BETHE (P<0.01),GSH 5 & i [ (P<0.01);
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B2 AHKR TTC Befi(xss,n=3)
Fig.2 TTC staining in each group of rats(x+s,n=3)

Fl 3 41K BB D CA3 X HE Yeff (x200)
Fig.3 HE staining of CA3 area in ischemic hippocampus of
rats in each group (x200)

B 4 &4 BMMED Fe MDA X GSH &1 (x+s,n=6)

5 model 41 HLHR , BIRYT AL T Fe™ S MDA % 2 1%
FEAR(P<0.01) ,GSH & i B ETHE (P<0.01) ;5
NTF-L 40 [t %, NTF-M 4 NTF-H 41 5 Fe™* K
MDA & B F K (P<0.01) ,NTF-H 4 & MDA
TR E TR (P<0.01) , WLIE 4,
3.5 ELISA & IL-18 1L-18 fET-44E H T

55 sham 21 HAE, model 4 TL-18 1L-18 /K- i 3%
THE (P<0.01) ;5 model 41 HAT, 4 VAT 4 1L-18 Al
1L-18 /K- i 3 FE AL (P<0.01) ; 5 NTF-L 4 L%,
NTF-M 41 5 NTF-H 20 IL-18 ., IL-18 /K V- & 35 [ A%
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Fig.5 Levels of IL-18 and IL-18 in ischemic hippocampus of

rats in each group (xxs,n=4)
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Fig. 6 Protein expression of Nrf2, GPX4, NLRP3, and GSD-

MD-N in the ischemic hippocampus of rats(x+s,n=3)
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Fig.7 Fluorescence staining and LDH activity in each group of cells(x100;x+s,n=3)
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Fig. 8 Fluorescence staining of GPX4 and GSDMD in each group of cells(x400;x+s,n=3)
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Fig.9 Levels of Fe™*, MDA, and GSH in each group of cells(x+s,n=3)
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B 10 &AM 1L-18.1L-18 RIEH F 5 (v+s,n=3)
Fig. 10  Levels of IL-18 and IL-18 in each group of cells(x=s,
n=3)
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Fig. 11  Protein expression of Nrf2, GPX4, NLRP3, and GSD-
MD-N in each group of cells (x+s,n=3)
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Fig. 12 Transmission electron microscopy ultrastructure of each

group of cells
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